Cryptosporidium, an intracellular extracytoplasmic protozoal parasite, was discovered by Clark in 1895 in the gastrointestinal tract of mice. 6 The first reported disease caused by Cryptosporidium occurred in turkeys in 1955, followed by documented cases in cattle in 1971 and in humans in 1986.
10 Cryptosporidiosis is recognized now as a significant cause of diarrhea in humans and animals, with fatalities occurring in immunocompromised or malnourished individuals. 6, 7 There are numerous reports of cryptosporidiosis in snakes, but there are only 6 reports of cryptosporidiosis in teleosts, several of which are not supported by histologic or electron microscopic examination. 5, 6, 10 In this paper, we describe a case of cryptosporidiosis in a freshwater South American catfish (Plecostomus spp.) diagnosed by histologic and electron microscopic examination. Received for publication February 17, 1996. The catfish and 3 yellow perch (Perca flavescens) were maintained in a 110-liter aquarium in an office at the Animal Disease Diagnostic Laboratory, Purdue University. The catfish, a species commonly kept by zoological parks and aquarium hobbyists, was purchased at a local pet store. The age and origin of the catfish were unknown. The catfish was believed to be a juvenile because its fork length was 9 cm, whereas adults of this type of Plecostomus can reach a fork length of 30-40 cm. In addition, the gonads could not be identified at necropsy, indicating that the catfish was immature.
Distilled water was used to establish the aquarium and was used for partial bimonthly water changes. An under-gravel filter system was used to maintain water quality between water exchanges. Both the aquarium and the filter were cleaned prior to the introduction of the fish and then semiannually. The aquarium was kept at room temperature (approximately 21 C). Commercially available flake and pelleted diets were fed once daily.
From the day of purchase, the catfish was never active (even in the dark) and was rarely observed feeding. Approximately 1 year after establishing the aquarium with the 4 fish, the catfish was found swimming aimlessly around the aquarium in a corkscrew manner and was euthanized in a tricaine methane sulfonate water solution (150 mg/liter).
a The yellow perch remained clinically normal.
Severe emaciation was evident when the catfish was examined from the ventral aspect. The abdomen was sunken and the musculature of the tail was markedly atrophied. Cytologic evaluation of skin scrapings and gill clippings from the catfish revealed no abnormalities. At necropsy, the abdominal viscera were considered normal. The entire fish was placed in Bouin's fixative for 48 hours and then sectioned transversely. The cross sections were placed in neutral buffered 10% formalin, which was changed twice in 1 week. For microscopic evaluation, the cross sections were embedded in paraffin, cut at 5 µm, and stained with hematoxylin and eosin using standard techniques. Numerous spherical 2-3-µm-diameter basophilic organisms deformed the microvilli of the gastrocytes and enterocytes lining the luminal surface of the stomach and proximal small intestine (Fig. 1) , respectively. The shape, size, and location of the organisms were compatible with cryptosporidial organisms.
2 The majority were trophozoites (uninucleate meronts). Rare oval 2-x 4-µm eosinophilic structures with basophilic granules of various sizes and a single, large, prominent nucleus distorted small groups of microvilli. These structures were consistent with macrogametes (female stage). Infrequently, other microvilli were effaced by 6-8-µm-diameter thin-walled parasitophorous vacuoles that contained eight eosinophilic crescent-shaped structures (type 1 meronts).
6 The crescent-shaped structures (sporozoites) were in contact with a 3-µm-diameter basal, densely basophilic sphere (feeder organelle). 6 In mammals with cryptosporidiosis, a mild to moderate mononuclear infiltrate of the lamina propria, villous atrophy, and increased crypt length can be observed in heavily infected areas, particularly in immunocompromised individuals.
3 These changes were not identified in any of the gastrointestinal sections from this catfish.
Additionally, the mesentery contained several scattered cross and partially longitudinal sections of metazoan parasites encased by a thin rim of fibroblasts infiltrated by epithelioid macrophages. The parasites were approximately 75-100 µm in diameter with a thin cuticle, lateral alae, thin hypodermis, and a body cavity lined by coelomyarian polymyarian muscle. Some cross sections of the organism contained an esophagus lined by low cuboidal uninucleated epithelium. Reproductive tracts were not observed in any of the parasite sections examined. Morphologically, the organisms were consistent with nematode larvae.
1
A single 150-µm-diameter granuloma was located in the mesentery adjacent to a section of distal small intestine. The granuloma was characterized by a large central area of laminated hypereosinophilic material surrounded by a thin wall of fibroblasts, epithelioid cells, and granulocytes. Ziehl-Neelsen's acid fast-stained sections failed to demonstrate the presence of acid-fast organisms within the granuloma. The granuloma most likely represented a dead encysted metazoan parasite. Helminths and granulomas are common in wild and aquarium teleosts and are considered incidental findings unless found in extreme numbers or located in vital areas such as brain or heart. Sections of eye, brain, gill, integument, oropharynx, heart, kidney, liver, skeletal muscle, and spleen were histologically normal. Reproductive organs were not observed in any of the tissue sections examined histologically.
A sample of intestine infected with the cryptosporidia was retrieved from the paraffin block. The paraffin was removed and the section was postfixed in osmium and embedded in epoxy resin. Ultrathin sections were stained with uranyl acetate and lead citrate. A transmission electron microscope was used to evaluate the ultrastructure of the Cryptosporidia. Both trophozoites and macrogametes were identified.
2,3,6 Both forms were intracellular-extracytoplasmic, contained within parasitophorous vacuoles, restricted to the microvillous portion of the cell and had a double electron-dense membrane limited to the parasite-enterocyte interface characteristic of Cryptosporidium. 2, 3, 6 The trophozoites had a single large nu- cleus and scant electron-dense cytoplasmic granules. The macrogametes had electron-dense granules near the center and wall-forming bodies near the periphery (Fig. 2) .
3
The first report of cryptosporidiosis in a teleost (a naso tang, Naso litatus) originated from this diagnostic laboratory in 1981. 8 In that short communication, the diagnosis of cryptosporidiosis was supported by histologic and electron microscopic findings, with a second case involving another tropical marine species mentioned in a postscript.
8 Additional cases of histologically and/or electron microscopically confirmed cryptosporidiosis occurred in 5 of 35 carp from Czech Republic and in hatchery-reared cichlids. 5, 6 Other reports of cryptosporidiosis in teleosts were not confirmed with histology or electron microscopy but involved identification of Cryptosporidium-like organisms in fecal material or intestinal scrapings.
11,13
The source of the cryptosporidia was not identified in this case. Large outbreaks in humans, such as the outbreak in Milwaukee, Wisconsin, which infected over 300,000 people, involve environmental transmission through contaminated water.
2,4 Waterborne transmission of the resistant oocyst is the greatest threat to humans because current EPA regulations are inadequate for protecting drinking water from contamination. 4, 12 Cryptosporidial organisms are abundant in 83% of the lakes and rivers in the United States, according to 1 survey.
10
Despite this ubiquitous presence of Cryptosporidium, cryptosporidiosis has not been documented in feral teleosts in the United States. Cryptosporidial organisms have been identified in tissue sections in feral carp from Czech Republic, suggesting that cryptosporidiosis can occur in feral teleosts. 4 Cryptosporidia have also been observed in fecal material from feral brown trout in Sheffield, England, but cryptosporidiosis in these fish was not confirmed with histology or electron microscopy. 4, 11 In the present case, because distilled water was used for establishing the aquarium and for the partial water changes, the water is an unlikely source of the Cryptosporidium found in this catfish.
Small outbreaks of cryptosporidiosis that occur in veterinary schools, day care centers, and animal research laboratories can usually be traced back to a single infected person or anima1. 6 The possibility that a mammalian case submission to the diagnostic laboratory was the source of the Cryptosporidium is highly unlikely. The aquarium was located in an office on a separate floor in an isolated area, making transmission from a necropsy case unlikely. In addition, there is no evidence of natural or experimental transmission between mammals and nonmammals. 5 The 3 yellow perch died 3 weeks later from severe Ichthyophthirius multifiliis (Ich) infection that was introduced into the tank by a replacement Plecostomus. Histologic evaluation of the gastrointestinal tract of the 3 yellow perch (as well as the replacement Plecostomus) failed to demonstrate the presence of Cryptosporidia. The original Plecostomus may have been infected when purchased.
Fatalities associated with cryptosporidiosis usually occur in immunocompromised (or malnourished) individuals as a result of severe dehydration. 4 Dehydration probably does not occur in freshwater teleosts because of the hypo-osmotic environment in which they live. In immunocompetent individuals, cryptosporidiosis can cause a profuse watery (and malabsorptive) diarrhea, among other mild self-limiting clinical signs. The immune status of the Plecostomus was not established nor was diarrhea observed. Malnutrition may have been a factor; however, other Plecostomus specimens in the building, maintained on the same feed, appeared well nourished. We attribute the severe emaciation of the Plecostomus to cryptosporidiosis.
Teleosts probably do not represent a reservoir source for cryptosporidiosis in mammals; there is no evidence for nonmammal-to-mammal transmission. The importance of Cryptosporidium as a pathogen of teleosts is questionable. However, the significance of cryptosporidiosis in mammals was not recognized for nearly 75 years, and now this organism is considered one of the most significant human pathogens. Cryptosporidium may emerge as a significant pathogen of teleosts as more and different teleosts are intensely cultured for human consumption and as public and private exhibits expand.
